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nuvudfaxen Kosson 

Hie preseot invcntioxi concerns fhe field of metabolic diseases, in particular diabetes, and the 
research efforts axound these diseases. The presot invention makes available a novel method 
and assay &r soecoing dn^ candidates and for difiiBren^ 
5 sensitiang substances. 



Background of the taivcmlina 

Diabetes mdlitm is a complex disorder of carbohydrate,. &t, and protein metabolism diat is 
priiparily a result of aielative or comply ladL of insulin secretion by the beta cdls of die 

1 0 pancreas or of defects of the insulin receptors. The various forms of diabetes are divided in 
two categories, die most fiequent being juvenile-onset diabetes or Type I insolinrdqwndent 
diabetes mdUtus (IDDM) and adult-^msei diabetes or Type n ncm-insul^^ 
mellitus (NIDDM). Both diseases, even "wbai conecdy diapMOsed and t ofd i ca tc d , require lifift- 
\mg medicadon, good patient compliance* a careful diet and fiequent medical obscrvatxcm to 

IS avoid potentially serious seqfuelae. 

HuazDlidinediones (TZD) are a recently identified class of antidiabedc agents which act by 
jjnproving insulin sensitivity in bodi diflfeient animal modda of obesity and diabetes ( 1 -3) as 
MireU as in man (4, 5). In addition to in^ving fte glucose and insulin Icvds, the circulating 
fiee fiiHy adds (FFA) and triglycerides are also lowered. 



20 TZD promote fax cell difftraitiatiou and activate several adipocyte-spccific genes soch as die 
&tty add binding protein, aP2, as wdl as the lipoprotein tipose. There is much recent 
cvideiice diat TZD induce dieir diverse cfifiKrts by bindiiig ^ 

proUftrator activated receptor (PP All)y (reviewed in re£ 7). FP ARy is mainly eocprBssed in die 
adipose tissue and exists as two isofbrms, PP ARy 1 and y2. PPARyl ^ ^ isofi«m and 
25 accounts fi>r around 8 5 % of that in die adipose tissue. Tlie iaofiarms differ in their NHj- 

temiinal md, with PPARy2 having an additional 30 amino adds, and are generated firon the 
same gene by xnKNA splicing. 

It is cutreoflyundear how TZD iiivrove insulin scnsitiviqr«a^ PPARy-regulatel 
genes mainly involve adipocyte difBmntiation, lipid staragD and metabolism (7). 
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Ctttreot hypotheses of Ae medmcisms for tiie direct insulin g en ftfiz i iig e&fttACSRSQrWdlldfK 
the fimnation of new. small and insulin-sensitive fst ceDs; tfie inhibition of TNFa inodaction 
and, hence, its negative effects on insulin signaling or, as found in some experimcoiB, 
incieaaed GLIJT4 expiession in adipocytes althoo^ dus xequires activation of C/EBPa, as 
S well. However, no dear and rgprodocible link to the inttaoelhil «r frignaKng molecules for 
insulin has been found so &r. 



Prior att 

Reoentty,Ribon era/. (13)rqportedapot»tiallinkintfiatTZD wcrefinindloinra^ 
10 geneaidpfotfiine3q>ressionofCAP,ac-Cblassodatedpt^^ 

regulation of the tyrosine phosphorylation of c*Cbl by the insulin receptor. According to 
Mastick and Saltid (14) oCXl^ in turn, can interact wtdi the kinase fyn to initiate 
phosphofylation of cavaolin and other sequestered proteins (14). 

There rcooains aneed formcdiods for diflfqentiating between insulin sen sitii ing substances 
15 aud in particular specific madceis fot IRS-2 transcription. A problem to be solved is tfui cfot 
inter alia how to screen ibe class of TZD coopounds in reflect of insulin sensitizing 
properties in difGemt cells. 

Another jwoblem is how to inqnove the treatment of diabetes and in particular to devdop new 
phannaceuticals for Ms purpose. 

20 

Summary of the invcDtioii 

The present inventor has examined in dijEBEtcntiated 3T3-L1 adipocytes the efiect of FPARa 
and T Uganda on tiic expre^on of severd key molecules insulin ai^^ 
I , IRS-2, PKB/Akt and GLIJT4, It was surprisingly and unei^^ctedly tamd, that the only 
25 gene, whidi was rapidly and r^rodudbly increased was m&-2, and dm 
wi& an increased protebi expression. I^tftazone was fbwd to in^^ 
IIIS'2 gene, resulting in amajor transcript having a molecniarwdriii of 7.2 B>. Aminor 
transcaipt having a molecular wd^ of 82 kb was also fiffquently dcte^ 
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The above problems aod shoitcoamigs of the prior ait aic solved by iaveodon as set findi in 
the attached ^v^cfa are hereby incoip ofat ed in their entiiety. Fuctficr advantages, 

cmbodtmeots and characteristics of theinventioii will be evident firoxn flie followiqg 
descnplion and exaiqples. 



Short descrfptioa of the fiffunea 

The pr ese n t invention will be disclosed in detail bdow, in die description and attadied 
example and figures, in which 

Fig. 1 (A) top - shows the IRS-2 mRNA eocpression (Nofrthcm blots) in diScrcatiated 3T3-L1 
10 adipocytes cultured fisr 48 his with no additions (basX 100 nM insulin O^s) or 10 

pioglitizone (pio) in combination widi 1 00 xiM insulin. Actin mRNA is also shown for the 
same cells, bottom-shows IRS-2 mRNA levels from ccUs cultured fiM^48 hrs with no 
additicms <bas), with 1 OpM piog^tazone (pio) widi or wiitont 1 00 nM insulin Opio + ins). (B) 
top - shows individual data from S experiments ^i^iere IRS-2 mRNA was rdated to p-actin 
15 gene expression in the same cdls (aibitraiy units). Bars rqnscnt mean values, bottom • IRS* 
2 protein expression in difiefentialed3T3-Ll cells cultured for 48 hrs wiih no additiom (basX 
with 100 nM insulin (ins) or with 10 ^ piogUtazone (pio). Tlie scamied data are also sl^ 
below ( ai b itraiy units). (QT]meHxnirsefeIR£*2 mRNA expression in difiGerailistted 
LI adqxxrytes cultured with 10 ^Mpio^tazonefbr die indicated times, llie values represem 
20 % increase over no&-stimulated ccmtcol odls and are the means of two experiments. 

Fig. 2 top - shows IRS-2 mRNA in diffaentialed 3T3-L1 adqpcKT^ 
100 nM insulin (ins) alone or widi 10 ^M darglitazone (dar)^ middle - shows IRS-2 mRNA 
in cells cultured with 100 nM insulin (ins^lO uM of the FPARa agonist Wy^l4643 (WY), 
wiifa or wittKyut 100 nM insuUn, and 10 ^M piogUtazone (jio). bottom- shows IRS-2 mRNA 
25 from diffaentiated cells diat had been cultured for 48 his wifliM 100 nM 

progesterone (prog) widi or widiout 10 jiMpiogJitazone (pio) or 200 mM S-BtcAMP with or 
wifliout pioglitazone. 

FIg.3(A)^wsIRS-l andPKB/AktmRNAindiffiareatiated3T3-Ll adipocytes cultured fiar 
48 his with no additions (bas), 100 nM insulin (ins) or 10 i&M pioglitazone (pio) widi insulin. 
30 (B) top - Individual data fiom 5 experiments (same as shown in Fig. IB) where IRS-1 mRNA 
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was rdatcd to P-actin gene c3q>rcssionin the same cdls ( ai fa i tg ai y mats). Baa leprescntnican 
values, bottom -IRS-lprotemaqvrcssioam cdls coltiiml fiv 48 his 

with no addition (basX lOOnMinswlin, lOpMpiogitttaHme^)^^ 100 nM 

insuKxL The scanned data are also shown bdow (aibitraiy units). 

5 Fig. 4 shows an ixnnumoblot of senoe- or fhreGnine-phosidioiyktted PKB. Lysates were 
prepared from cells that had been cultured for 48 hrs as in Fig3 A, seran-starved for 3 hrs, 
and then stinnilated with ICQ uM insulin for 10 min. Following separation on 7.5 %SDS- 
PAGE, the proteins were immunoblotted with antibodies recognizing insuUn-stimttlflted 
phosphosenne (PS-PKB) and j^ioqihoftreonine (PTfar-PKB) PKB/AkL 

10 

Descriptirai 

In the present study, the present inventor demonstraKes for the first time that PPARy 
activation, but not FPARo, rajndly turns on the gene of the key signaling molecule IRS-2. 
This efiBect was initiated after 4 hrs, peaked after 2 4 hrs and ranained elevated throu^umt the 
IS 48 hrs study« Furtheonore, this effect ^ipeared specific sinoe» under the same conditions and 
in the same cells, no eflfecis on mS-l, PKB/AkI or GLUT4 were seen. 
to a geociexal effect on cell dififarenttation by the FP AR^ 
oqxressicm was also mcreased ("40 %) after 48 hts and ita ognal^ 

and PKB/Aktpadiw^r aim tended to be increased. Since tbe IRS-2 gene activation was rapid 
20 and seen in tt&e presence of fee pfotdn synthesis inhibitor, cyd oh eginride, the data 

direct effect of PPARy activation on die IRS-2 promoter. However. 4is has to be diiecdy 
tested in ^propriate tepottee assays. 

The partial human IRS-2 gene and promoter were recently cloned and s eque nf4^ ( 19) but die 
complete murine promoter has not been repotted. Intuialiiigly, progcstcmoe and cAMP 

25 were found to increase die expression of the IRS-2 gene in HeLa cells but ORE/PRE were not 
identified in fee promoter. Sequencing dM» promoter identifiod multiple binding sites for 
several transcription fectms such as Spl, AP2 and CCAAT-box binding fectnr (19)- However, 
the identified sequence in flie human IRS.2 promoto' (20) does not contain flie typical 
AGGTCA binding sites for PPAR- Studies with appropriate reporter systems are necessary to 

30 clarify if PPARy Uganda direcdy activate the mouse and/or human IRS-2 genes. Inlere^mgly, 
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preUnuiUBy Studies by Ae present in^ 

gene exiHessicm in taman fit cella fiom type 2 diabetic ind^ 

observations). 

Insulin alone didnot change the IRS-2 gene ejqwes»on andlhere was TO 
5 between TZDaiMlinsuiiiLTliese latter data nnist be inteqa^ 

serum in the cultote inedium contains insulin. Surprisingly, no eflfect of either progesterone or 
CAMP on IRS-2 gene expression ill 3T3-L1 cdls could be seen. This is in coninurt to 

data in HeLa cdla where these agents increased n«-2 mRNA levels (1 8) but this fflay 
indirect efiGsct (19) and not seen in all cells. 

10 Similar to IRS-2, chronic e3qK)Stire to hisulin did not change IRS-^ 

However, in contrast to IRS-2, lRS-1 protein expression was reduced after chronic 
stimulation in 4e 3T3-L1 cdb as also repotted by others (21-22). This efS^ 

marked hyperinsulinemia is then probably due to an increased protein degradation. Recent 
studies have shown that ctaonic expoaute to insulin leads to an increased serine^ne^ 
15 phosphorylation throughthePI3-ktaaseandPKB/Aktpafliwey(21-23)- IRS-1 « 

dfignided through the proteasomal pathway probably as aresntt of ubiquination (22). 

Celb chronically ea^iosed to the high insulin coi»cenlr«ion alK» ^ 
nsponse to insulin, which probably was due to an iinp«red activate 
down-stream signaling (22, 23). TOs was seen by the reduced phospheryla^ 
20 bolhsaineandthreoninesites-TheadditionofpiogUtazonedidnotcleatlyinj^ 

insulin effect These data are in agreement with the coo«¥t that IRS-l is the OM^ordo^ 
protein fePD-tenase inresponse to msulininboth 3T3-L1 cells (24) as wcai « 
cells (16) and tiiat IRS-2 fimctions as a true "back-i^ protein. 
However, it is stiU surprising diat 4e increased IRS-2 proto erpwss^ 

25 dearly improve the PI3-kinase activity and down-stream aigMling. These results are shnilar 
to leceot ftidmgs in IRS-1 -tooek-out- celb (25) as weU previous findmgs ^ 
ij^vcator in honmn fit cdUs fiom T>^ 2 diabetic subjects, whew 

but ms-l protein expression is reduced -70 % (16)- PKB attivarion and phosphorylation 
xemained impaired in these cdls even in the presence of supramaximal insulm 
30 (25,26).Whe&erlongeTexposuretoTZDthanthe4«hrausedinthisstudywinfiirlh« 

increase IRS-2 protein expression and restitute the instdin respoK^ 
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Furthcniioic. ft ^ be of iniciest to see if the low ms-l 
diabetic subjects (1<0 as wdl as in the cohort tbe ia«eot 

diabedc but markedly insulin-icsistant individuals with a genetie piedispoaitioii for diabetes 
(27) win be compensated for by an increased IRS-2 expression following TZD. 

In summary, the present data diow for the first tone a dear Mnkbetwecn PPARy 
tbe insulin signaling cascade in that TZD rapidly inaease IRS-2 g^ 

in 3T3-LI cells. Since low IRS-2 appears to play aprofoond role in the devdopmeot of 
diabetes (28)these data suggest that the antidi*eticefito of TZD may be m^^ 
to effect It win also be of great interest to see if TZD caninflueoce p-ceU gi^ 
apoptosis since a stunning effect of lRS-2 gene disruption is seen on pancreatic 

developmait (28). Thns. although IRS.2 can also be used by insulin as a doddng proteiii fer 
PD -Idnase activation, it may play an even more profound roU in the agnaling and ef^ 

cytokines and growth factors. 



The espressioa of severd genes involved in insulin signaliii^ aiid ac^ 
15 4-»8 fas exposure to diffirent concentrations of pioglilaz«ie(pio). However, only d>e IRS.2 
gene expresaion was conaistenfly increased. TTie IRS-2 mMJA inch^ 
hut aminor band at Kb was also finequeotly seen. 

It is of conmierdal value to be Ale to oontn)l the lRS-2 levd to fli«*y «^ 
sensitivity in adipocytes and odicr cdb to normalize metAoKsm in 
20 findings disclosed above constitate ebasis for finding such regulating sobstances, not only for 
hunm adipocytes biit also for different, specific human celb sudi as hepatic cdla. p^ 

cdls or muscle tissue cdls. 

Accordmg to one embodiment of the invention. niS-2 transedpis are iised as inato 
scrcoi the class of TZD compounds in respect of insulm scnaitizing propertte 

25 cdb. The detection oflhc transcripts is fiuilita^ 

a suitable reporter, eg. a fluorescent r^otter molecule. 

According to «wther embodiment, among the IRS-2 transcripts, at least one of the 

and 8 .2 kb transcripts is used as a specific marker to screen and find compounds possessmg 

insulin sensitiring properties in difeemcdls. The detection of said, at 
30 fedUtated by coupling said at least one IRS-2 transcript to a suitable r^»ortBr,e.g. a 

fluorescent iqaorter molecule. 
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AcconMng to yet mother embodimcirt. at least 
used as a ajKwflc xMiker to screen and find adipocyte spedfi^ 
LI odls axKl subsequent deMctum of the at least one inmaaip^ 
coupling the IRS-2 lianacript to a suitable leporter, e.g. a flooieacent icpoiter molecule. 
5 Suitable soeonng systems include, but are not limited to Nwliwm blots, RT-PCR using 

specific primcxs andi«obes for IRS-2. sohitionhybridisatioBand RNA'asei-otectionaasa,*. 

scale screening. e.g. so caUed Irish tliioughput sending of ^ 
perfimned with a reporter system, adairted for specific sequ«^ 
Useful reporter sequences are hjfiifefBse or similar, sensitive assays. 

10 Accordingtoaftoherembodhncat of the invention, this at least one marker is us rf 
screening system to find and discriminate bcmcen insulin seositizen act^ 
sudi as hepatic cells, mnsde tissue cdBs and adipocytes. 

The detection of the above at least one 1RS.2 tnmscxii* is pertmned eiflier qual^^ 

quantitativdy. Qualitative detection methods comprise any mrfjod ^Aiere 4c pcescaoe or 
15 ab8enceofamaikeriadetefmined,e.g.basedonradiation,fl»oiesceoce,eto.(^umtita^ 
methods conqttise any method where die amount of mariccr is drtemiined, e.g. qualitative 
PGR or RT-PCR. 

Prefiaably, the at least one IRS-2 transcript or information derived thereftom is/are used for 
the production of an assay for the screenmg of drug candidates in respect of their ms^ 
20 sensitizing properties- \tost preferably, said assay is constructed as an assay suitri^^^ 
throu^iput OEnT) screening, for example an assay adapted for the comn^ 
fomud, the 384-wdl format or denser fonnaia, sudi as niicro arrays or ch^ carryi^ 

immobilised reagcata on their surface. 

Furthcx. the presem invention comprises a method, 'Whewitt *e reg^^ 
25 and/orconiainedinIRS-2tianscripts,inparticularinihe7iaad8.2I(btran8cript8,a^ 

as drug targets to prevent or treat diabetes. 

Accordmg to one embodiment of the invention, an IRS-2 tnmaoipt is used for the 
ni«m,fiuaureofamedicamem.Inparticular.anIRS^2transaiptba^ 
7.2 M><g 8.2 kb is used for the marmfectnre of a med ic a ment 
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Accatding to one embodiment of ifae invention, an IRS-2 transcript is used fior the 
n^amifeetoe of a medicament for the tiwtaert of diabetes, mpaiticalar. an IRS.2 transcript 
having a molecular wei^t of 7 2 kb or 8 .2 M, is nsed for tbc mani.£«*™e of a m^ 

trestincnt of diabetes. 



Further, Ae se«p«nce infoimation derived ftom an IRS.2 ti«cript 
«umufi«ture of amedioament. ill particular amedicamcnt for th^ 

Further, the sequence infomiation derived to «! IRS.2 iranwapi c«» be u«^ 
for diagnosmg diabetes and/or differentiating brtween various types or stages of 

TTie results also support the oondurion. that thiazoUdinediones. such as piogK^^ 
new specific modes of action and that duy thus can as medioanents wi& specific 
actions. Tlie pr«ent iiwention thus comprises the use of tUawlidinedi^ 
piogUt.zone,forfliemanufi«*urcDfamedicamentforr««ateingtheta^ 
cdls, e.g. for inaeasuig Ae insulin sensitivity of adqwcylBs- 
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1. Matnials and methods 
l.lCdlCnitures 

3T3-L1 fibroblasts were grovoi and diO-eotiated iiito adip«^ 
(1 5). At least 90 % of the cells had acciuired the adipocyte phenotypc 6 days after ini^ 

difeentiation. Eight dsys after diffcmiliation, madhm^ 
added for tibe times indicated in the Results. 

To study the acme effi« of insulin, die cdb were scrum-deprived for 3 hrs before adding 
100 nM insulin for 15 inin. CeU lysates were made using procedures previously 

Rondinoaea et aL (16). 

25 1.2 AB^tyscaofKNA 

Total celhjlarRNA was isolated to celh with guamdim^ 

Northon blot analyses were performed on total cellular FN A (3 0 ^g) wi* »«Wed dJNA 
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p„,b«s m«dc ag»D3t Mctia as housekeeping gene, mouse IRS-l (bp 1333-2335) and moose 
IRS-2 (bp 2987-3325) (kindly provided by Eta- J. Pi«ce and L-M Wang. NO. NIH), lodent 
GLUT4 (bp 121-2128. AeeessionNr MM 001042, kindlypmvidedby Dr. Sam W. Oishman. 
NmDK. NIH) «id PKB/Akt using a PGR fragment a8««t Wmp (bp 282- U 

5 Nr M9593«) in a common scqomce for PKBo, PKB? and PKBy. 5' sequence 

CGAGAGGCCX3CGACCCAACAC and 3' sequence AGGCGGCCGCACATCATCTCGTA 

were used as PCR piimos. 



20 



1. 3 inmniBoprcc^ftattons vad iBuraaoblettfiag 
10 Ceil lysateswqe prepared as descnW by Rondinoneetri. 1997 (J<0. Equal amomits of 

protein w« separated by SDS/PAGE, inmsfcoed and ima»«l^^ 
antilMidies against the spedfic pioteiM. Phosphctyrosincs ^ iinmi^ 
P Y99 CTiansduction Labontfories. Lexington. NY), GLUT4 with an antibody IdDdky provided 
by Dr. S«mW.Cushman(NIDDK,NIH),IRS-l and IRS.2tdth antibodies from Upstate 
1 5 Biotechnology. Inc. (Lake Placid, NY) and PKB/Akt wift antibodies from Biolsb (Boston, 
MA). 

Ikmnmiopredpitations were pertmned as desenT»ed (16) 

by blotting with horseradish peroxidase - linked secondaiy^Mfibodies and using enhmced 

i4tnmi\tm^ [F*-'u*m'j^ (Nyoomed Amcnhsm pic, UK). 



2. Results 

2. 1 Effects of PPAR agonists and/or tasuBn on IRS-l/l, PKB aad GI.1JT4 fsne and 



The expression of several genes involved in insuBn signaB^and artion were < 
25 4-48 hniexposote to different concentnrtions of piogUtaaoBB(pio).H^^ 

gene expression was oonsistendy increased. The IRS-2 mRNA inchuled a nugor -7.2 Kb band 
but a minor band at ~8J2 Kb was also frequently seen. It is not dear wbedier das represents 

alternative ^lidng of the same gene. 
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Fig. I A (top) shows that insolin alone did not cfaange IRS-l g«nc cxpnsAoa ^^^^p 
addition o£piogIitBZon« increased IRS.2 niRNA - 4-feli 

piogUtazooe alone and no tether increase was seeoVy the addition of insulin (Fig. lA - 
bottom). After 48 hrs, the IRS-2 mRN A lefveU were consiatently inoeased 3-5-&ld relative to 
5 p-actinmRNA (Fig.lB - top). IRS.2 piotdn expression was also increased by piogltomc 
but not dianged by insulin (Fig. 1 B - bottom). Tlie avenge inacasc sem 

pio^tazone was 36 % (n<>3). 

Time<xniise experiments showed that the gene ejq«e$sion was 

peaked ate 24 ins but ranained devated thiougbcwit the 4« hrs observation tin« 

10 This increase was spedfic for IRS-2 and remained iirespoetive of 
«pK»ion was related to ps«*in,lRS-l or PKBmRNAtov^ 
inventor also examined if the rapid effect of piegjitazone was direct or required protein 
synthesis by adding cyclohcxiinide (40 (iM) to the incubation medrom fiar 8 and 24 hrs. 
However. piogUtaame also increased ttie IRS-2 mRN A expression in the presence of 

15 cydohexinude. suggesting a direct effect of pioglitazone on the lRS-2 gene (not shown). 

The present inventor also examinfid whether a lower pio^itaxoBC concamation inweased 
IRS-2 mRNA expression. A simihtf effect was seal with I MMpiogliiaa^ 
230 %, n=2) as with 10 nM in the same experimems (BvwagB increase 292 %, nr2). 
Furthcnnore. dargBtazone. another PPARt Hgand, induced a sioilar inoease as piogl^^ 
20 (Fig. 2 -top) while a spe«ficPPARoUg«id(WY14643) was completely without ef&rt 
(average increase 9 %, iF=2) even at ahi^ concentration (10 M»« and when insu^ 

added (Fig. 2 - middle). 

•nnis, these data show that PPARy, but not PPARa, Uganda increase IRS-2 gene eaqiression in 
3T3-L1 adipocytes. The inventor also tested whether progesterone or g-BicAMP. whichhave 
25 been shown to inaeaaelRS-2 gene expression mHeUodb (18). also dtaed«ie«^ 

in 3T3-L1 cells. However, no effects were seen even wiAJn^ canccatralions of fliese agfflls. 
However, vAtcn combined, the stimulating effect of piogBtaame was again ahown (Fig. 2 - 
bottom). 

Neither insulin alone nor when combined with the PPARy Uganda, pio^tazone ^ 
30 dargUtaxone (not shown), altered the gene expression of mS-l or of PKB/Akt (Fig. 3A) in fl- 

same experiments. ShmTariy. no effect was se« with the PPARa agonist (data not shown). 
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Hie PCR ft«8ffl«t«««i fi»PKB hybridizaiion gave two bands (3.2 and 2.8 Kb) 
joobdily xeflectmg both tfie PKBo/Alrt 1 and Ihe PKBp/Akt 2 g»es. todividnal lesotts of 
IRS-1 mRNA eaqxeasian fisom five expeximeats are showuinFig. 3B. 

Similar to ms-l, there was no consistent increase in GLUT4 mRNA caqjression by 
5 inoglitaane after 48 tats incubatiaik (data not shown). 



2. 2 Efifeet of TZD and/or faunlin on IRS-1 protdn expiCMkin aad PKB/Akt 

Fifr 3B (bottom) shows the chronic cfiFects of pioglitarone and/or insulin on IRS-1 protein 
10 expression after 48 tas-Pioglitazone alone did not change IRS-1 protein ea^^ 

However, in contmst to IRS-2 (Fig. IB - bottom), lRS-1 protein expression was redneed by 
dmmic stimnlafion with flie bii^ insulin ooncamation and dns was not altered by the 
pcesenoe of pio^itazone (Fig. 3B - bottom). 

In three caqwiments, insulin decreased IRS-1 protein expression by 33 % (tmige 25-39 %); 
15 this decrease rauunedundiangod when insulin and piogStmw 

lange 18-39 %) while pio^taame alone was without cfka (4-7 %). Hwe dififerenoes in 
protein expression were also reflected by Ae anwunt of p85 oo-innnunopree^i^ 

1 (not slkown). 

Tie present inventor also examinal tiie acute effiscl of insulin on down-sti^ 
20 PKB/Akt in cells that had been cultured with pioglitazonefe 48 hrs. washed and 
starved ft» 3 hrs in fiesh medium. Sinrilar to the gene (Fig. 3A). PKB/Akt protan « 
was not dianged by the presmce of either pio^tazone and/or insulin far 48 ta» (not shown). 
Insulin (100 nh« was tbm added fer 10 min to the senimH-«^ 
the acute efltoofinsulin on PKB/Akt phosphorylation teiriod to be ina«^ 

25 cultured wittipio^itazoiiB alone 

to contrast, dironic exposure to insulin alone maikedly reduced the acute efiB« of i^^ 
PKB/Akt phosphorylation. The addition of pioglitazone ftr 48 his did not improve the 
xedueed insulin-stimulated phosphoryhrtion of PKB/Akt induced by the chronic 
bypoinsulincmia but an improvement was seen after 96 ho. 
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Pm4cr,prdinuiiaiystudi«p«rfbniied^ 

WnscriUott is achieved in ntt muscle ccUs L6 . likewise, cMpchmaaa wife taamen adipooytes 
indicate, that the lesults obtaiaed with 3T3.L1 adiiK)cytes aretransftrablcto huinaii cdls. The 
present inventor has shown that TZD increase lRS-2 exi«e^ 
5 to in culture. Thus, the results availabte at the priority date 

inventioiL 

Althou^flie invemionhasbeen described >«fliieg»dtoil.^refi^ 
constitute the best tnode presently loiown to the iinrert^ 
changes and inodifications as would be obvious to one h«nng the ordi^ 
10 maybemadcwitho«tdepartittgtoihescopeoftheinv«tfionas8etfort^ 

appended hcieto. 
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Claiais 

1. AnIRS-2traiisciq»t,ch»«teri»«lmtJirt 
TbiftTTtliiWii^"~*. such as pioglitazone, to living cells. 

2. AaIRS-2twiiscripthavingamolecnlarw«Btrtof7.21*i^^ 
5 adiiwcytes by ttie addition of a thiazoUdinedione,suA 

3. AnIRS-2tianscripthavingamolccularweigltfof8^W»iii^ 
adipocytes by the addition of afhaazolidinedioiifi. soch as pioglitazone. 

4. Mcdiod far evaluating substances for inwilin B mritii i iig propatiw fa vara, A»»aittowl 
inthataliansaiptaccoidingto daim 1 isusedasamadorfbriw^ 

10 5. Method for evaluating substances for insulin sensitizing iKopert 

in that a transcript accoidingto daini 2 is used as amaiker fiarinsuto 

6. Method for evaluating substances for insulhxsensitizmgpnn^ 

in that a transcript according to daim 3 is used as a ni«d« for insulin so^ 

7. MediodacDoidingtoanyoneofdaiins4to6.ch«rtrtiri««linthatad^ocyte8W 
15 asmoddodls. 

8. Method according to any one of claims 4 to 6. di««!lariwd in that hq.aticcd^ 
as model cells. 

9. Methodaccordingtoanyoneofclanns4to6,diaiaeterfwdinthatm«sdetiTO 
are used as model cells. 

20 lO.Melhodaccoidingtoanyoneofdaims4to6,ch«r«cltti»din^paoawticc^ 
used as modd cdls. 

11. Use of a transoipt according to daan 1, or inferaiaiion derived iheieftoB^ for 1h^ 
mannfiicture of a medicament 

12. Use of 4e transcript according to claim 1, or information derived therefiom. for the 
25 niannfechne of a medicament for the treatment of disibctes. 
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13. Use of the lianscriirt according to claim 2, or 
taaaxxxBactan of a medicament. 

14, Use of the tiaoscript accoiding to ctaiin 2. or in^^ 
manu&ctute of a medicament for fbx treatment of diabetes. 

5 i5.U8eofthetianscri|rtaccoidingtodaim3,oriiifomuaioaderi 
numafiftcture of a medicament 

16. use of the transcript accoiding to daim 3. or infcimati^ 
mamifectuie of amedicameat for the treatment of diabetes. 

17. An assay for the screening of substances in lespect of 4eir nisu^ 

10 «|ian«teiiEedinthatanIRS-2tianseri!rtisusedasmaikerforn^ 

piopcftics* 

1 8 . An assay for diagiujsing diabetes and/or differtntiadng between 

the diseMe, ciumictertaed in that an IRS.2 transcript oraeipieace infonnat^ 

dM efi rom is used in said assay. 
IS l9.UseofpiogW«oneforihemannfi-:tniecfanicdicam.rtforinci^^ 
aenativity of adipocytes. 
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Abstract 

TliiawUdinedicmes (TZD) improve msulin sens^ 

models of insulin resistance and TVpe 2 diabetes. However, no dear link to the inisalin 
ai gnaiiwg events has been identified 

Using difiatntiated3T3-Ll adipocytes, it has now been fiiundthrtTZD rapidly and 
markedly inaoase IRS-2 gene expression. This cfiBwt was specific 

was not seal with PPARa agonists . It was rapidly induced (after 4 his) and maintained 
itamtfMHn the observation period of 48 hts. It was ali» conceniration.dc^^ 
not inhibited hy cydohenmide, suggesting a direct efiect ontbe IRS-2 pcomotcr. IRS-2 
pnrtein expression was also increased -40 Vo after 48 tas. No effe^ 

lRS-1, PKB/Akt or <2LXJT4 gene expression. 

These data dK>w the first direct link bet9«*a TZD and a critical molecule 
signaling cascade and indicate anovd mode of action of liwe compounda. Tim 
can now be ntilisedbotfa for the screemng of substances, in respect of thcff 
properties, and devdoping pharmaceuticals for the tresMt and picrvc^ 
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Fig.lB 
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Fig. 2 
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